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Most soils in sub-Saharan Africa are acidic and have low contents of calcium (Ca2+), magnesium (Mg2+) 
and molybdenum (Mo). Higher concentrations and contents of hydrogen ion (H+), aluminium (Al3+) and 
manganese (Mn2+) found in these acidic soils are known to be the major causes of poor plant growth 
due to their toxicity effects to plants and micro organisms such as N-fixing bacteria. Molybdenum is 
also a component of some bacterial nitrogenase and therefore, is especially important for plants that 
live in symbiosis with nitrogen-fixing bacteria such as Rhizobium. Calcium, magnesium and 
molybdenum deficient plants exhibit poor growth. The most common management practice to 
ameliorate these acidic soil problems is through the surface application of lime or molybdenum and/ or 
seed pelleting. The potential role(s) of lime and Mo in legumes with respect to growth, assimilation of 
metabolites, N-fixation and growth is given special attention in this review. 
 






The common bean (Phaseolus vulgaris L.) is a major 
vegetable legume grown and consumed in Southern 
Africa. Phaseolus vulgaris L yields in Southern Africa are 
reported to be very low (Mukoko et al., 1995; Mloza-
Banda et al., 2003) and the average yield for the African 
continent being only 650 kg ha-1 (Singh, 1999). The poor 
yields are partly due to infertility caused by acidic soils 
which have low nutrient contents including Ca2+ (Lunze et 
al., 2007; Wortman et al., 1995, 1998) and Mo content 
(Liebenberg, 2002). Research efforts at improving bean 
yields in Africa have increased over the past few deca-
des, where the main emphasis focused on improving 
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Choudhury et al., 1983; Ssali and Keya, 1986; Smithson 
et al., 1993; Amijee and Giller, 1998; Giller et al., 1998; 
Lunze et al., 2007). Therefore, it is important to assess 
effects of other limiting nutrients to plant growth such as 
Ca2+ and Mo.  
Soil acidity may affect all stages of growth and speci-
fically the legume-rhizobium symbiosis, from strain 
survival in soil and on the seed, to root-hair infection, 
nodule initiation and nitrogen fixation (Munns, 1978; 
Keyser and Munns, 1979; Graham et al., 1982; Wood et 
al., 1984). Higher concentrations and contents of hydro-
gen ion, aluminium and manganese in acidic soils are 
known to be the major causes of poor growth to plants 
due to their toxicity effects to plants and microorganisms 
such as N fixing bacteria (Munns, 1978; Graham et al., 
1982, 1992; Peoples et al., 1995).  
The most common management practice to ameliorate 





et al., 2003). The major influence of lime when applied in 
the soil is on its ability to supply Ca2+ which is essential 
for plant growth (White and Broadley, 2003) and 
neutralizing the toxicity effects of H+, Al3+ and Mn2+ in the 
soil (Staley and Brauer, 2006). Lime may also increase 
soil pH resulting in negative charges on soil particles and 
therefore, decreasing the activities of iron and aluminium 
oxides which are good sinks for Mo in soils (Mandal et 
al., 1998). It is therefore justifiable to introduce lime in 
acidic soils with low Ca2+ levels such as those found in 
some parts of Southern Africa.  
Molybdenum is a trace element found in the soil and is 
required for growth of most biological organisms including 
plants (Purvis, 1955; Anderson, 1956; Gurley and 
Giddens, 1969; Agarwala et al., 1978; Franco and 
Munns, 1981; Graham and Stangoulis, 2005). Similar to 
other metals required for plant growth, molybdenum has 
been utilized by specific plant enzymes as a co-factor 
that participate in reduction and oxidative reactions in 
plants (Mendel and Hansch, 2002; Williams and Frausto 
da Silva, 2002). Generally, molybdenum is an essential 
micronutrient for plants and bacteria. In some parts of 
Southern Africa, several cases of Mo deficiency have 
been identified in a variety of crops including maize, 
Lucerne, fruits, vegetables and other crops (Pienaar and 
Bartel, 1968; Tanner, 1978, 1982; Rhodes and Kpaka, 
1982; Kang and Osiname, 1985; Thibaund, 2005).  
Molybdenum deficient plants exhibit poor growth and 
low chlorophyll content (Gupta and Lipsett, 1981; Gupta 
et al., 1991; Marschner, 1995). Molybdenum is also a 
component of some bacterial nitrogenase and therefore 
is especially important for plants that live in symbiosis 
with nitrogen-fixing bacteria (Gupta et al., 1991; Hale et 
al., 2001) such as (P. vulgaris L) that is widely grown as a 
vegetable crop in Southern Africa. Experiments with 
soybean have shown that molybdenum fertilization in 
deficient soils enhanced nitrogen-fixation through increa-
sed nitrogenase activities and in nodule sizes (Parker 
and Harris, 1977; Adams, 1997).  
In some parts of Southern Africa, reports indicate that 
soils are acidic and hence both Ca2+ and Mo are inade-
quate to support good plant growth (Pienaar and Bartel, 
1968; Tanner, 1978, 1982; Rhodes and Kpaka, 1982; 
Ndakidemi, 2005; Thibaund, 2005; Lunze et al., 2007). In 
agricultural soils, molybdenum is strongly held into 
positively charged metal oxides in acidic soils of up to pH 
5.5 (Smith et al., 1997). Research evidence indicates that 
as the soil solution becomes more alkaline, the MoO¯ 4 
availability to plants and other forms of life increases 
(Lindsay, 1979; Brady and Weil, 2008). Consequently, 
the application of lime to agricultural soils may be an 
important tool to adjust soil pH and increase soluble 
molybdate (Kaiser et al., 2005). Therefore, it is important 
to understand the fundamental reactions of these 
important mineral nutrients (lime and molybdenum) at 
different stress levels. This review outlines how legu-
minous plants such as P. vulgaris L  plants  may  respond  




and benefit to lime and Molybdenum in relation to growth, 
yield, N2 metabolism and in the production of metabolites 
such as phenolic compounds and phosphatase enzymes 
in their tissues and the rhizosphere.  
 
 
EFFECTS OF SELECTED MINERAL NUTRIENTS ON 
PHENOLIC COMPOUNDS METABOLISM  
 
Phenolic compounds such as flavonoids and antho-
cyanins are diverse group of phytochemicals that are 
produced by various plants in high quantities (Dixon and 
Steele, 1999). They exhibit a wide range of biological 
activities mainly from their antioxidant properties and 
ability to modulate several enzymes or cell receptors 
(Hodek et al., 2002).  
Flavonoids play an important role in plant growth and 
development and in defence of plants against micro-
organisms and pests serving as means of plant-animal 
warfare (Dixon and Harrison, 1990; Dixon and Steele, 
1999; Ndakidemi and Dakora, 2003; Makoi and 
Ndakidemi, 2007).  The pathway of phenolic compounds’ 
biosynthesis in plant species is highly regulated 
(Hasegawa and Maier, 1981). For instance, constitutive 
levels of flavonoids are produced during normal growth 
and development, but additional formation of specific 
compounds can be induced by wounding, attack by 
pathogens and other mineral nutritional stresses 
(Stafford, 1990; Ndakidemi and Dakora, 2003; Makoi and 
Ndakidemi, 2007) such as those involving Ca2+, Mg2+ and 
molybdenum.  
Nutrient stress has a marked effect on phenolic levels 
in plant tissues (Rengel, 1999; Makoi and Ndakidemi, 
2007). Phosphorus, sulphur, iron, calcium or magnesium 
starvation stimulates the production of phenolics in plant 
tissues (Gerschenzon, 1983; Ndakidemi and Dakora, 
2003; Makoi and Ndakidemi, 2007). Therefore, phenolic 
compounds may be considered as an essential factor for 
a plant’s adaptative success in diverse environments 
(Ndakidemi and Dakora, 2003, Makoi and Ndakidemi, 
2007) such as those stressed with calcium or magnesium 
and molybdenum.  
Phenolic compounds are known to prevent microbial 
degradation of ectoenzymes (phosphatases) and/ or 
organic acids released by the roots as the response to 
the nutritional deficiencies (Neumann and Romheld, 
2001). The exudation of phenolic compounds from the 
roots of nutrient-starved plants seems to be an important 
way by which plants can respond to their environment. By 
modifying the biochemical and physical properties of the 
rhizosphere, plants increase nutrient availability and 
buffer the effect of hostile surroundings (Makoi and 
Ndakidemi, 2007). Although the fate of exuded phenolics 
in the rhizosphere and the nature of the reactions they 
are involved in within soils remain poorly understood, 
phenolics in the soil may clearly contribute significantly to 
plant growth and development. Nutrient deficiencies  may  




induce important modifications in several primary meta-
bolic pathways such  as in sugar metabolism and secon-
dary metabolism (Gerschenzon, 1983; Ndakidemi and 
Dakora, 2003; Makoi and Ndakidemi, 2007) and finally 
influencing the final seed yield. The alteration of meta-
bolism of phenolic compounds under nutrient stress 
seems to be a response that allows the plant to adapt 
and survive in harsh environments. Whatever physiologi-
cal mechanism involved, the enhanced phenolic meta-
bolism under nutrient scarcity may help plants to face the 
unfavourable environment (Aoki et al., 2000). As lime and 
molybdenum may play a crucial role in P.  vulgaris grown 
in poorly depleted soils, their influence on the metabolism 
of phenolic compounds such as flavonoid and antho-
cyanin and the ultimate effects on plant growth needs to 
be further investigated and reported.  
 
 
EFFECTS OF LIME AND MOLYBDENUM ON 
PHOSPHATASE ENZYME ACTIVITY  
 
Soil enzymes serve several important functions. They are 
involved in the cycling of nutrients, affect fertilizer use 
efficiency, reflect the microbiological activity in soil and 
act as indicators of soil change (Dick et al., 2000; 
Ndakidemi, 2005, 2006). Enzyme activities in soil are 
known to serve as an indicator of soil health and to 
mediate and serve as a catalyst for soil functions such as 
organic matter decomposition, release of inorganic 
nutrients for plant growth, N2 fixation, detoxification of 
xenobiotics, nitrification and denitrification (Dick, 1997; 
Nadiya et al., 2000; Makoi and Ndakidemi, 2008).  
Phosphatase enzymes are believed to play a major role 
in transformation of organic phosphorous (P) into mineral 
P (Speir and Ross, 1978; Tabatabai, 1994; Makoi and 
Ndakidemi, 2008). They are produced when plants and 
soil micro organisms are subjected to stress such as P 
(Ndakidemi, 2005, 2006; Makoi and Ndakidemi, 2008) 
Ca2+ (Speir and Ross, 1978; Bremner and Mulvaney, 
1978) and Mo (Sugiura et al., 1981; Gellatly et al., 1994; 
Guo et al., 1998; Bozzo et al., 2002; Lopez et al., 2007).  
Changes in soil pH can affect the activity of enzymes in 
the rhizosphere and plants (Dick et al., 2000). The pH 
can affect enzyme activity by influencing the concen-
tration of inhibitors or activators in the soil solution and 
the effective concentration of substrate (Dick et al., 
2000). From this background, the sensitivity of soil enzy-
mes to pH should make it possible to evaluate the effec-
tive pH and the relative activity of phosphatase enzymes 
when lime and Mo are supplied in the cropping system.  
Evidence in the literature shows that lime, organic and 
different forms and types of inorganic amendments 
added to soil influenced the levels of phosphatase 
enzyme activities (Bremner and Mulvaney, 1978; Speir 
and Ross, 1978; Ndakidemi, 2005). For instance, in acid 
soil, addition of lime generally increases sulfatase acti-





whereas the addition of phosphate fertilizers decreases 
activities of phosphatase, sulfatase and urease (Haynes 
and Swift, 1988; Ndakidemi, 2005, 2006). It is worth 
investigating if a similar trend is observed in P. vulgaris 
plants supplied with lime.  
Molybdenum has been described as a potent inhibitor 
of acid phosphatase activity (Lopez et al., 2007). Some 
studies carried out with phosphatases extracted from 
different species of plants showed an inhibition with the 
addition of Mo (Sugiura et al., 1981; Gellatly et al., 1994; 
Guo et al., 1998; Bozzo et al., 2002; Lopez et al., 2007). 
In a study involving tomato, the addition of small amounts 
of molybdenum (0.0028 mM of molybdate) significantly 
inhibited the activity of acid phosphatase (Bozzo et al., 
2002). In another study involving a legume, Guo et al. 
(1998) reported an inhibitory effect of micromolar concen-
trations of molybdate on the activity of phosphatase from 
the cytosolic fraction of pea plumules. Other studies have 
observed a strong inhibition of acid phosphatase activity 
from Irish potato and sweet potato supplied with low 
levels of Mo (Sugiura et al., 1981; Gellatly et al., 1994).  
Soil amendment through the addition of Mo and lime 
may result in the production of acid and alkaline phos-
phatases into ratios that will influence plant growth and 
development at different levels. Lack of adequate infor-




EFFECTS OF LIME AND MOLYBDENUM ON 
PHOTOSYNTHESIS AND CHLOROPHYLL 
FORMATION  
 
Light is the environmental factor that has most influence 
on growth and yield quantity and quality of crops through 
its influence on photosynthesis and chlorophyll formation 
(Montanaro et al., 2007). If other factors are not limiting, 
high light intensity generally stimulates photosynthesis 
and hence plant growth (Sattelmacher et al., 1993). Other 
factors such as macro and micro nutrients may also 
affect the metabolic reactions in photosynthetic apparatus 
(Marschner, 1995). It is well established that inadequate 
levels of any mineral nutrient in the growth media may 
limit photosynthesis due to their involvement in carbo-
hydrate synthesis (Lambers et al., 1998). Calcium (Ca2+) 
and Molybdenum (Mo) are essential plant nutrients; 
whose role has been well documented (Marschner, 1995; 
White and Broadley, 2003). Ca2+ is involved in several 
biochemical and physiological processes in plants 
(Hepler and Wayne, 1985). The structural role of apo-
plastic Ca2+ is particularly important in cell wall and on the 
shelf-life of plant tissues (Bauchot et al., 1999).  
Calcium may function directly in several aspects of 
photosynthesis. It appears to modulate activity of the 
phosphatase enzymes in the carbon reduction cycle in 
the synthesis of different sugar components (Haupt and 





research evidence also supports a calcium function in the 
water-splitting complex and other evidence suggesting its 
role in a reaction centre in the photosystem II (Brand and 
Becker, 1984). As light is absorbed, this catalytic centre 
drives the photosynthesis process (Marschner, 1995). In 
the chlorophyll molecule embedded in a protein, there is 
a catalytic centre of photosynthetic water oxidation, which 
is composed of a Mn4Ca cluster. It is obvious that supply 
of Calcium through lime may have a significant influence 
on the photosynthesis process at cellular level in P. 
vulgaris plants. In practice, calcium deficiency is correc-
ted by supplying the agricultural lime or other sources of 
calcium. For instance, XiaoJun et al. (2004) showed that 
the photosynthesis and photosynthetic efficiency of the 
leaves of rice were significantly enhanced with the supply 
of Ca2+. In this study, levels of net photosynthetic rate, 
stomatal conductance, the contents of chlorophyll and 
soluble sugar of the leaves increased more significantly 
than the control treatment without Ca2+. Furthermore, 
addition of Ca2+ decreased the content of malon-
dialdehyde and the permeability of cell membrane, but 
increased the superoxide dismutase activity (XiaoJun et 
al., 2004) and hence affecting photosynthesis.  
Molybdenum (Mo) is an essential micronutrient for plants. 
It plays an important key role in chlorophyll synthesis. In 
plants, it is absorbed as MoO4
2-. In Southern Africa, 
several cases of Mo deficiency have been identified in 
variety of crops (Kang and Osiname, 1985; Pienaar and 
Bartel, 1968; Rhodes and Kpaka, 1982; Tanner, 1978 
and 1982; Thibaund, 2005). Molybdenum deficiency of 
soil is a widespread agricultural problem that induces 
yield and quality losses in many crop species worldwide 
(Liu, 1991, 2001, 2002). Molybdenum deficient plants 
exhibit poor growth and low contents of chlorophyll and 
ascorbic acids and shows reduced leaf blade formation, 
inter-veinal mottling and chlorosis around edges and tips 
of older leafs (Marschner, 1995; Liu, 2002).  It is gene-
rally accepted that legumes need more Mo than most of 
other plants (Mcbride, 2005) due to its key involvement in 
the Nitrogen-fixation process. Various studies have 
reported that application of Mo enhances the yield in 
crops that grow in deficient soil (Liu, 2001; Min et al., 
2005; Xue-Cheng et al., 2006).  Therefore, it is important 
to establish, verify, and quantify the influence of Ca2+ and 
Mo supplied as lime or Molybdenum salts or their 
interaction on different photosynthetic activities in P. 




EFFECTS OF LIME AND MOLYBDENUM ON 
NITROGEN FIXATION  
 
The mineral nutrient nitrogen is a constituent of all pro-
teins, nucleic acids and many other biomolecules and it is 
essential in all living organisms (Marschner, 1995; 
McCammon and Harvey, 1987). In plants, nitrogen is  the  




most limiting nutrient for growth (Verhoeven et al., 1996). 
Leguminous plants in partnership with Rhizobium have 
the ability to convert the atmospheric nitrogen into usable 
forms (Galloway et al., 1995). Nitrogen-fixation involving 
symbiotic association between rhizobia in legumes is 
influenced by several factors including Ca2+ and Mo 
(Kucey and Hynes, 1989; Bottomley, 1992; Graham et 
al., 1992; Tu, 1992; Banath et al., 1996; Andrade et al., 
2002). According to established guidelines, some areas 
in the Southern Africa have been reported to be deficient 
in Ca2+ and Mo (Ndakidemi, 2005; Thibaund, 2005) and 
these may have N2-fixation limitations.  
In nutrient deficient soils, soil mineral distribution 
involving Ca2+ and Mo is mostly related to pH levels. For 
instance, calcium and molybdenum become scarce at 
acidic pH (Brady and Weil, 2008) and the exchange site 
are mainly dominated by aluminium (Al) and manganese 
(Mn) ions. At elevated levels, these ions may reduce N2-
fixation by injuring the host plant or interfering with nodu-
lation or N2-fixation processes (Kamprath and Foy, 1985). 
Under such circumstances, exogenous supply of Ca2+ 
and Mo into the growth media is important.  
Calcium supplied to plants through lime may perform 
multiple functions in plants. They are essential com-
ponent in symbiotic N2-fixation and nodule formation in 
legumes. Studies have indicated that Calcium deficiency 
in legumes depressed the calcium content of nodules, 
impairing nitrogen-fixation due to inadequate calcium for 
nodule structure and/or metabolism (Banath et al., 1996; 
Graham, 1992). In this context, Ca2+ deficiency in legume 
decreased the supply of fixed nitrogen from nodules to 
other organs, thus impairing plant growth.  With regard to 
molybdenum, it is known to have a notable influence on 
nitrogen metabolism in N2 fixing legumes (Franco and 
Munns, 1981; Prker and Harris, 1977; Marschner, 1995; 
Vieira et al., 1998). In nodulated legumes, Mo is nece-
ssary for the reduction of atmospheric nitrogen (N2) to 
ammonia by nitrogenase enzyme. The symbiotic bacteria 
require about ten times more Mo for N2-fixation than does 
the host plant (for protein synthesis). For this reason, Mo 
deficiency will commonly occur in legumes before it does 
in other plants when grown in the same soil (Thibaund, 
2005). Molybdenum is also essential for nitrate reductase 
and nitrogenase enzyme activity (Westermann, 2005). 
The symbiotic bacterial enzyme nitrogenase is comprised 
of MoFe protein which is directly involved in the reduction 
of N2 to NH3 (Lambers et al., 1998) during fixation pro-
cess. Supply of Mo to bacteroids is therefore an 
important process and most likely a key regulatory 
component in the maintenance of nitrogen-fixation in 
legumes that may influence plant growth (Kaiser et al., 
2005). When leguminous plants are grown under molyb-
denum deficiency conditions, phenotypes with hindered 
and/or retarded plant growth characteristics may develop. 
Most of these phenotypes may be associated with 
reduced activity of molybdoenzymes (Agarwala and 
Hewitt,  1954;   Spencer   and   Wood,   1954;  Afridi  and  




Hewitt, 1965; Randall, 1969; Jones et al., 1976; Agarwala 
et al., 1978). These enzymes include the primary nitrogen 
assimilation enzymes such as nitrate reductase (NR) and 
the nitrogen-fixing enzymes (nitrogenase) found in 
bacteroids of legume nodules (Vieira et al., 1998). Other 
molybdoenzymes have also been identified in plants 
including xanthine dehydrogenase/oxidase involved in 
purine catabolism and ureide biosynthesis in legumes, 
aldehyde oxidase and sulfite oxidase (Mendel and 
Haensch, 2002; Williams and Frausto da Silva, 2002). 
Generally speaking, we can conclude that, Molybdenum 
deficiency is primarily associated with poor nitrogen 
health in plants and ultimately impaired growth. 
Research reports have indicated the stimulating 
influence of Mo in N2-fixation in legumes. In their 
research, Gurley and Giddens (1969), Franco and Munns 
(1981), Ishizuka (1982), and Brodrick and Giller (1991) 
showed that Mo supply in legumes increased molyb-
denum concentrations in nodules, improving N2-fixation, 
development of seeds and other tissues. Experiments 
with soybean and common bean have also shown that 
molybdenum fertilization enhanced nitrogen-fixing sym-
biosis through increased nitrogenase activity rates and 
larger nodule formation (Parker and Harris, 1977; Adams, 
1997; Vieira et al., 1998). 
Despite of the existence of substantial evidence on the 
influence of lime and Mo on nitrogen-fixation in pasture 
legumes and other related crops in Southern Africa, their 
effects and interaction on N2-fixation in P. vulgaris in 
some parts of Africa is not documented.  
 
 
EFFECTS OF LIME AND MOLYBDENUM ON GROWTH 
AND YIELD OF LEGUMES 
 
Plant needs some macro- and micronutrients for their 
normal growth. Some of these elements play vital roles in 
different growth process. For instance, research evidence 
suggests that Calcium and Mo deficiency in legumes can 
restrict plant growth through different mechanisms 
(Evans et al., 1950; Evans and Purvis, 1951; Marschner, 
1995). 
Calcium deficiency is known to restrict the amount of 
N2-fixed in legumes, hence resulting into reduced plant 
growth due to inadequate nitrogen which is required as 
building blocks of proteins (Dutta, 2004). On the other 
hand, plants with severe Ca2+ deficiency have shown low 
levels of nitrogen in their tissues and this has always 
been associated with poor growth.  
Studies by Lucrecia et al. (1987) demonstrated that 
supply of Ca2+ through lime significantly increased both 
nodule weight and plant productivity in Pirulgaris. In an 
experiment done by Hartley et al. (2004), lime supply 
increased nodulation and yield of Serradella (Ornithopus 
compressus). The beneficial effects of liming on nodu-
lation and plant growth most likely resulted from the 





With regard to Mo, it is well known that leguminous plants 
are very sensitive to Mo deficiency, but excess Mo also 
may impair growth, decreases the biomass, seed yield 
and deteriorates the quality of production (Kevresan et 
al., 2001; Liu and Yang, 2000; Nautiyal and Chatterjee, 
2004). During different growth processes in plants and in 
legumes in particular, Mo is involved in a number of 
different enzymatic processes (Marshner, 1995; Vieira et 
al., 1998). For example, molybdenum is a constituent of 
nitrogenase enzyme and Rhizobium bacterium fixing 
nitrogen needs molybdenum during the fixation process 
(Vieira et al., 1998). Therefore, with this task, molyb-
denum has a positive effect on growth, yield, N content of 
foliage and roots and nodule forming in legume crops 
(Kliewer and Kennedy, 1978; Togay et al., 2008). With 
regard to other aspects of plant nutrition, molybdo-
enzymes are involved in nitrogen metabolism, improving 
qualities of ascorbic acid, soluble sugar and chlorophyll 
concentrations (Zhao and Bai, 2001; Chen and Nian, 
2004). Therefore, its deficiency may show overall reduc-
tions in plant growth and development, expose the plant 
to susceptibility to pest damage and poor pod and/ or 
grain development (Graham and Stangoulis, 2005). 
Although there is considerable literature on the 
beneficial effects of liming and Mo on legume growth in 
other parts of the world (Staley and Brauer, 2006), site 
specific factors can yield different results. As Ca2+ and Mo 
or their interaction may play important role(s) in legume 
growth, these mineral nutrients warrant further investi-
gations both to ascertain their effects on plant growth and 
development in common legumes grown by farmers such 





Lime and molybdenum are essential nutrient for legumes 
growing in acidic soils deficient in Ca+2, Mg and Mo. Lime 
application in particular, is recommended for most 
legume species to counter deleterious effects of soil 
acidity and the availability of mineral elements such as 
Ca+2, and Mg. Liming increases plant growth, accumu-
lation of plant metabolites, nitrogen fixation, dry matter 
and final seed yield of legumes. 
On the other hand molybdenum nutrition is an essential 
component in legumes. Molybdate which is the 
predominant form available to plants is required at very 
low levels where it participates in various redox reactions 
in plants. In symbiotic legumes, the enzyme nitrogenase 
is comprised of MoFe protein that is directly involved in 
the reduction of N2
 to NH3 and finally to other available 
forms of N to plants. Much more research is required to 
ascertain the usefulness of these important mineral 
nutrients. It is also worth investigating how they may 
further be used in future to support the expanding legume 
cultivation in areas where soil Mo and Ca and or/Mg 
profiles limit plant growth and productivity, such as those 
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